ABSTRACT: Carbon and nitrogen stable isotopes were used to study depth variation in terrestrial particulate organic matter (POM) sedimentation off the mouth of the Rhone River delta, and its use by the main benthic invertebrates (polychaetes, crustaceans, molluscs and echinoderms) and flatfishes (Arnoglossus laterna, Buglossidium luteum and Solea solea). Coastal water POM and surface sediment exhibited low δ 13 C values, denoting dominance of terrestrial material in their carbon pools (25 to 80% and > 50%, respectively), but the importance of river input differed as a function of depth. Terrestrial organic matter contribution to the total POM was greatest at 30-50 m (72 to 99%), and least at 70-100 m depth (25 to 77%). Most of the invertebrate groups studied (δ 13 C = -24.5 to -17.5 ‰; δ 15 N = 4.3 to 9.7 ‰) mainly relied on marine primary production irrespective of depth. However, deposit-feeding polychaetes mainly exploited terrestrial POM, and carnivorous and suspension-feeding polychaetes, bivalves, brachyurans and shrimps (Caridea) showed a partial uptake of terrestrial POM, depending on its availability. Incorporation of terrestrial POM by flatfishes (δ 13 C = -22.4 to -16.8 ‰; δ 15 N = 9.7 to 11.2 ‰) was species-and depth-dependent. It was related not only to the fishes' diets but also to the trophic adaptability of their prey. S. solea, the main consumer of deposit-feeding polychaetes, showed the lowest δ 13 C irrespective of depth, but flatfish exploitation of terrestrial POM peaked at 30-50 m, where both polychaete consumption by fishes and terrestrial POM use by the benthos were maximal. Unlike most estuarine systems, terrestrial inputs in deltaic areas can therefore peak at intermediate depths, where some of the marine macrobenthos, including flatfishes, efficiently exploit them. These results allow better assessment of the role of river input to marine coastal zones in increasing fish abundance, and will therefore be of major interest for demersal fisheries management off deltaic areas.
INTRODUCTION
The enhancement of the productivity of coastal benthic ecosystems by land-based run-off has been demonstrated in various areas (e.g. Cloern 2001 , Maslowski 2003 , but has been linked mainly to river input of nutrients and subsequent increases in plankton production and deposition in the benthos (Ardisson & Bourget 1997 , Josefson & Conley 1997 . The role played by terrestrial particulate organic matter (POM) input to the benthos has not been extensively studied (Salen-Picard & Arlhac 2002 , Darnaude et al. 2004 , especially in terms of spatial variability. Terrestrial POM exploitation by benthic invertebrates has been detected in several estuarine environments, where it decreases with increasing depth and salinity (Peterson et al. 1985 , Riera et al. 1999 , Chanton & Lewis 2003 . However, the situation can differ in deltaic coastal zones where POM sedimentation is directly influenced by marine currents, especially in weakly tidal seas like the Mediterranean. In such areas, near-bottom salinity remains quite constant due to weak vertical water mixing, even in shallow waters. Coastal benthic community composition is therefore more stable than in estuarine environments, where salinity tolerance controls species abundance. This could lead to specific patterns of terrestrial POM exploitation by the benthic macrobenthos, which may differentially impact the population dynamics of coastal demersal fishes.
To assess the spatial variability of terrestrial POM sedimentation and its use under such conditions, a stable isotope study of marine benthic food webs was conducted off the mouth of the Rhone River (NW Mediterranean). Stable isotopes have successfully been used to trace the transfer of organic matter of different origins through estuarine and coastal food webs (Haines & Montague 1979 , Riera & Richard 1996 , Bouillon et al. 2000 , Kaehler et al. 2000 , Pinnegar & Polunin 2000 . Provided that primary producers have distinct isotopic signatures, as has previously been shown for terrestrial and marine producers (Ostrom & Fry 1993) , they constitute a powerful tool for discriminating between organic matter sources (Dufour & Gerdeaux 2001 , Vander Zanden & Rasmussen 2001 . They also provide a good description of food web structure and trophic transfer within animal communities (Kwak & Zedler 1997 , Riera et al. 1999 , Kaehler et al. 2000 , Polunin et al. 2001 , Renones et al. 2002 , Takai et al. 2002 . Carbon isotope composition in animals usually provides clues about the initial origin of their food through the low increases in δ 13 C generally observed between prey and predators (< 2 ‰, mean 1‰) (De Niro & Epstein 1978 , Wada et al. 1991 . Nitrogen isotope signatures can be used to define the trophic levels of organisms, as δ 15 N generally increases by 2.5 to 4.5 ‰ from food to consumer (Minagawa & Wada 1984 , Post 2002 .
In the present study, mean annual δ 13 C and δ 15 N were assessed at different depth ranges for the main benthic organic matter reservoirs (water and sediment), the main macrobenthic invertebrates and the 3 most abundant flatfish species off the Rhone River: Arnoglossus laterna (Walbaum, 1792), Buglossidium luteum (Risso, 1810) and Solea solea (Linnaeus, 1758) . The isotopic signatures obtained were then compared to those of the 2 main POM sources to this area (Rhone River POM and marine phytoplankton) to determine (1) if there were bathymetric differences in POM sedimentation and availability to the benthos seawards of the Rhone River, (2) if the intensity of terrestrial POM use by the benthos varied according to availability, and (3) if differences in terrestrial POM use by the benthos, if any, could have consequences for fishes at higher trophic levels.
MATERIALS AND METHODS
Study area. The study area (43°14' to 43°22' N, 4°54' to 5°03' E, Fig. 1 ) is located in the Gulf of Lions (NW Mediterranean Sea), off the mouth of the main branch of the Rhone River, which is the main run-off to the Mediterranean (mean yearly discharge of 1700 m ). The river is responsible for 50% of the annual primary production of the Gulf of Lions (Lochet & Leveau 1990) , irrespective of year. Its solid discharge varies however from 1.4 to 22.7 × 10 6 t yr -1 (Sempéré et al. 2000) , with 6.2 × 10 6 t yr -1 of terrestrial particulate matter on average discharged onto the continental shelf (Pont 1997) . Most material accumulates within the Rhone pro-delta, which extends from the shoreline to 90-100 m depth (Touzani & Giresse 2002) . As macroand microphytobenthic production is low in this area (Bodoy & Plante-Cuny 1980) , surface seawater POM (phytoplankton) is the main supply of marine-sourced organic matter within the benthic ecosystems studied (Cauwet et al. 1990 ). The main organic matter reservoirs accessible to coastal benthic invertebrates are therefore plume water POM (from a mixture of river and seawater POM) and surface sediment organic matter (derived mainly from the deposition of plume and seawater POM). Fragments of terrestrial plants can also arrive by river discharge, but their exploitation is negligible (Darnaude et al. 2004) .
Sampling. Adult flatfishes, macrobenthic invertebrates, plume water, surface sediment and Rhone River and offshore seawater POM were collected seasonally (winter, spring, summer) between March 2000 and November 2001. The mean annual values obtained therefore reflected the seasonal variability of their isotopic signatures, as sampling encompassed the main periods of high (winter, spring) and low (summer) flow of the river (Sempéré et al. 2000) . Rhone River POM was collected 6 km upstream of the river mouth and seawater POM was sampled in the Gulf of Marseilles, outside the Rhone River influence (Frioul island: 43°15' N, 5°18' E; salinity > 37.8). River plume water, surface sediment, macrobenthos and flatfishes were collected seawards of the Rhone River mouth, at 0-20, 30-50 and 70-100 m depths. These 3 depth ranges, the characteristics of which are shown in Fig. 1 , were representative of the main sediment types and benthic species assemblages found within the river pro-delta. ) were collected with a multicore sampler. Only the upper 2 cm of the cores were kept for isotope analysis after the removal of macroscopic organisms. Macrobenthic invertebrates were collected with a pneumatic suction-sampler at 0-5 m depth, and with a Smith-McIntyre grab at greater depths (10-20, 30-50 and 70-100 m). They were sorted by taxon, and polychaetes were determined to species level for sorting to trophic group (Fauchald & Jumars 1979) . All were maintained live in filtered water from the sampling site for 24 h to allow gut evacuation. They were then killed and stored separately, after dissection of large individuals to remove hard parts and digestive tracts. Flatfishes were captured by day and night trawling at 10, 30 and 90 m depth. Their total lengths (TL in cm) were recorded, and their guts removed and preserved in 10% neutralised formaldehyde solution for stomach content analysis. Dorsal white muscle samples were taken for isotope analysis, since this tissue exhibits the lowest variation in δ 13 C and δ 15 N (Pinnegar & Polunin 1999 ). All samples were kept frozen before being processed for isotope analysis.
Flatfish diets. To assess the exact composition of flatfish diet for each depth, the stomach contents of 596 Arnoglossus laterna (TL = 81 to 132 mm), 92 Buglossidium luteum (TL = 83 to 126 mm) and 97 Solea solea (TL = 284 to 374 mm) were analysed. For each sampling depth (0-20, 30-50 and 70-100 m) and species, prey items were identified, sorted and counted under a binocular microscope, following the procedure described in Darnaude et al. (2001) . They were identified to class, except for polychaetes, which were determined to species. After 24 h drying at 45°C, prey category dry weights were recorded. The corresponding prey percentages in diet (W%), calculated for each fish species and depth, allowed us to determine if interspecific and bathymetric changes in fish isotopic signatures were due to modifications in fish diet and/or in prey signatures. Stable isotope analyses. Water POM samples (on GF/F filters) were freeze-dried and cut into small pieces. Animal and sediment samples were freezedried and ground into a fine powder (< 60 µm). Samples from fishes (white muscle) and large invertebrates (polychaete and mollusc soft tissues) were analysed without any prior treatment. Samples of water POM, sediment and small invertebrates (e.g. bivalve juveniles, crustaceans, ophiurids) were divided into 2 subsamples: 1 subsample, for carbon isotope analysis, was acidified with 1% HCl solution to remove carbonates, rinsed with distilled water and oven-dried at 40°C for 24 h, as carbonates present higher δ 13 C values than organic carbon (De Niro & Epstein 1978) . The other subsample, for nitrogen isotope analysis, was not acidified since acidification results in enrichment of δ 15 N (Pinnegar & Polunin 1999) .
13 C/ 12 C and 15 N/ 14 N ratios in the samples were determined by continuous flow isotope mass spectroscopy (CF-IRMS) (Preston & Owens 1983) . Weighed samples of material (1 mg for fishes and prey, 10 mg for filters and sediment) were oxidised and the CO 2 and N 2 passed to a single-inlet dual-collector mass spectrometer (PDZ Europa ANCA SL 20-20 system). Isotope ratios were expressed as parts per thousand (‰) differences from a standard reference material:
where X is 13 C or 15 N, R is the corresponding ratio 13 C/ 12 C or 15 N/ 14 N and δ is the measure of heavy to light isotope in the sample.
The international standard references are Vienna Pee Dee Belemnite (VPDB) for carbon, and atmospheric N 2 for nitrogen. However, to calibrate the system and prevent measurement drift with time, corn flour and cod (Gadus morhua L.) white muscle tissue, with known signatures, were used as internal references when analysing water and sediment samples and animal materials, respectively. Experimental precision (0.11 ‰ for δ 13 C and 0.14 ‰ for δ 15 N) was calculated based on the standard deviation of the internal reference replicates.
Data analysis. δ 13 C and δ 15 N differences between main organic matter sources (Rhone and seawater POM) and reservoirs (plume water POM and surface sediment) were analysed separately using 1-way (category) analyses of variance (ANOVA). We subsequently performed 2-way (depth range × category) ANOVAs on plume water POM and sediment δ 13 C and δ 15 N to detect any differences in isotopic signature between depths and reservoirs. Between invertebrates and fishes, differences in isotopic signature were tested using a 2-way (depth range × category) multivariate analysis of variance (MANOVA) completed by 2-way (depth range × category) ANOVAs performed separately on δ 13 C and δ 15 N values. In each case, data were log-transformed to stabilise variances. Post-hoc comparisons of means were performed using StudentNewman-Keuls tests, and only isotopic signature differences with associated p-values under 0.05 were considered to be statistically significant.
Estimations of terrestrial POM percentages (F%) in the plume water 'reservoir' were obtained at each depth range using the equation:
where δ 13 C (X) is the signature of the plume water POM, and M and R are the carbon signatures of the marine and Rhone River POMs, respectively.
Superficial sediment organic matter corresponds to an undifferentiated mix of detritus (e.g. faecal pellets, deposited dead phyto-or zooplankton, terrestrial detritus, benthos pseudo-faeces and faeces) and micro-or meiofaunal organisms that could not be removed prior to analysis. All these were assumed to have isotopic signatures varying from those of marine and terrestrial POM to those of organisms feeding directly on them. Considering that trophic enrichment in δ 13 C generally averages 1‰ (De Niro & Epstein 1978) , ranges of the potential contribution of terrestrial POM to sediment organic matter were therefore obtained by alternatively replacing M by M + 1 ‰, and R by R + 1 ‰ in Eq. (2).
RESULTS

Origin of organic matter
The main organic matter sources and reservoirs showed significant differences in δ 15 N (p < 0.001) and δ 13 C (p < 0.001). The mean nitrogen signature was significantly lower in seawater POM (< 2.5 ‰) and higher in pro-delta surface sediment (> 3.5 ‰) than in Rhone River and plume water POM (Table 1) . The difference was statistically significant between reservoirs (p < 0.01) but not between depths: δ 15 N values always approached 3 ‰ for the plume water POM and 4 ‰ for the sediment. Mean carbon signature (δ 13 C) varied from -26.11 ‰ in Rhone River POM to -22.36 ‰ in seawater POM. Plume water POM and surface sediment showed intermediate δ 13 C values (Table 1) . The carbon signature varied with reservoir (p < 0.05) and depth (p < 0.01). Plume water POM and surface sediment δ 13 C were similar at 30-50 m depth, but significantly different (∆δ 13 C > 0.5 ‰) at 0-20 and 70-100 m. Plume water POM δ 13 C varied significantly between depths, with a maximum value at 70-100 m and a minimum value at 30-50 m. Surface sediment δ 13 C was more stable, with a significantly higher value only at 70-100 m. Plume water POM and surface sediment δ 13 C values differed more from seawater POM (-1.9 ‰ to -3.0 ‰) than from river POM (+ 0.7 to +1.9 ‰), except at 70-100 m. This result indicated a substantial contribution of terrestrial material to the organic matter pools of plume water (25 to 80%) and surface sediment (> 50%), especially at 30-50 m (Table 2) .
Macrobenthic communities and benthic food webs
Stable isotope signature varied between organism categories (p < 0.001) and sampling depths (p < 0.001) ( Table 3 ). This suggested species-specific and depthdependent differences in food sources and trophic levels for both invertebrates and fishes. At 0-20 m depth, invertebrate carbon signatures were highly variable (Table 3 ) and polychaetes had significantly lower mean δ 13 C than other invertebrate groups. This was attributable mainly to surface and subsurface depositfeeding polychaetes, whose isotopic signatures indicated a diet composed mainly of Rhone River POM (trophic enrichment of 1 to 1.5 ‰ in δ 13 C and 2.4 to 3.4 ‰ in δ 15 N) (Fig. 2) . The carbon and nitrogen signatures of carnivorous polychaetes suggested that they too were dependent on river POM, but at a higher trophic level, via the ingestion of organisms consuming surface sediment (i.e. mainly terrestrial POM). With the exception of bivalves, whose isotopic signatures suggested sizeable uptake of organic matter of terrestrial origin, the δ 13 C and δ 15 N of other invertebrates indicated a diet based exclusively on organic matter of marine origin (Fig. 2 ). Amongst these, however, shrimps (Caridae) and pagurids had isotopic signatures suggesting a partial reliance on organic matter source(s) with higher δ 13 C (> -19 ‰). Therefore, although being the 2 principal POM sources to the area, Rhone River POM and marine phytoplankton were not the exclusive POM sources to benthic invertebrates at 0-20 m. In this depth range, the flatfishes were at the top of the marine phytoplankton-based food web (Fig. 2) . They had similar δ 15 N, indicating proximal trophic levels (Table 3) , but different diets (Table 4 ) and carbon signatures (Table 3) . Buglossidium luteum and Solea solea, which fed mainly on deposit-feeding or carnivorous polychaetes and bivalves, had significantly lower δ 13 C than Arnoglossus laterna, which essentially preyed on amphipods, suspension-feeding polychaetes and carideans.
At 30-50 m depth, polychaetes had a significantly lower δ 13 C than other invertebrates (Table 3 ). All of them relied mainly on organic matter of terrestrial origin for growth (Fig. 3) . The observed isotopic signatures of suspension-feeding and deposit-feeding polychaetes suggested a diet composed of a mixture of Rhone River POM and surface sediment (trophic enrichment by 1 to 2 ‰ δ 13 C and 3.2 to 4.0 ‰ δ 15 N). Carnivorous polychaete isotopic signatures suggested a diet of organisms feeding on sediment organic matter. The δ 13 C and δ 15 N of other benthic invertebrates suggested diets based mainly on marine organic matter. Bivalve and brachyurid signatures did however suggest a partial uptake of terrestrial POM. The flatfishes showed similar δ 15 N but statistically different carbon signatures and diets. Solea solea, which preyed mainly on polychaetes (Table 4) , was at the top of the terrestrial-POM-based food web, whereas Arnoglossus lat- erna, which mainly fed on crustaceans, was at the top of the phytoplankton-based food web (Fig. 3) . These species had significantly lower and significantly higher carbon signatures than Buglossidium luteum, respectively. This latter species mainly consumed polychaetes, but also sizeable amounts of crustaceans (Table 4) , which explains its intermediate position on the δ 13 C versus δ 15 N graph (Fig. 3) . At 70-100 m depth, polychaetes had a significantly lower mean δ 13 C than other organisms. However, only subsurface deposit-feeding polychaetes had isotopic signatures indicating a major terrestrial POM uptake (Table 3) . High δ 13 C values were observed for all other benthic invertebrates, suggesting a principal reliance on marine organic matter sources. However, surface deposit-feeding polychaetes had isotopic signatures indicating a partial exploitation of terrestrial POM. Flatfishes at 70-100 m were all at the top of the phytoplankton-based food web (Fig. 4) , but had different isotopic signatures and diets. Although δ 15 N was significantly lower in Arnoglossus laterna, suggesting different trophic levels for flatfish at this depth, the significantly lower δ 13 C observed for Solea solea indicated interspecific differences in food source (Table 3 ). In fact, S. solea ate mainly deposit-feeding polychaetes while A. laterna and Buglossidium luteum preyed principally upon crustaceans (Table 4) . 
DISCUSSION
Origin of organic matter
The mean δ 13 C values found for terrestrial (-26.11 ‰) and marine (-22.36 ‰) POM seawards of the Rhone River in the current study were, respectively, within the range of the most common observed carbon signatures of river POM (Riera & Richard 1996 , Lee 2000 , Riera et al. 2000 and marine phytoplankton (Herman et al. 2000 , Takai et al. 2002 . They were sufficiently different (∆δ 13 C > 3.5 ‰) to effectively trace terrestrial and marine organic matter transfer through the benthic ecosystem. Plume water POM and sediment isotopic signatures ranged between those of river and offshore POM irrespective of depth, which was consistent with the input of only 2 principal sources of carbon (river POM and marine phytoplankton) to the Rhone pro-delta benthic ecosystem (Darnaude et al. 2004 ). Except at 70-100 m, they did not differ significantly, which suggested that most of the pro-delta surface sediment comes from the particulate matter in the overlying water column. Plume water composition can change within a few hours under the combined influence of river discharge and marine currents (Younes 2000) . Plume water POM isotopic signatures therefore provide only snapshots of POM composition within the river pro-delta. In contrast, surface sediment signatures reflect POM compositions at a monthly or annual scale, depending on sedimentation rate. This could partially explain the lower δ 13 C values of the surface sediments at 0-20 and 70-100 m, as most solid inputs from the Rhone River are flushed out to sea during flooding events (Cauwet 1996) .
However, our use of δ 13 C-based mixing equations revealed important differences in plume POM and sediment organic matter composition with depth. Terrestrial influence was shown to be maximal at 30-50 m and minimal at 70-100 m, consistent with existing data on the Rhone River plume extension (Demarcq 1985) and river-input sedimentation (Bouloubassi et al. 1997) . The Rhone River plume routinely extends above the upper river pro-delta (10 to 60 m depth) before being diverted westwards by the Liguro-Provencal current. However, during high flooding events, it can cover the whole study zone and spread over depths of 70-100 m (Denis et al. 2001) . Consequently, most of the Rhone River POM is deposited within the river pro-delta above the 70 m isobath, and terrestrial contribution to surface sediment approaches 55 to 80% at 50 m depth compared to 30 to 65% at 90 m depth (Bouloubassi et al. 1997) .
Benthic food webs
Benthic organisms with similar assumed trophic positions exhibited a wide range of isotopic signatures, even within each depth range. This can be explained partially by interspecific differences in isotopic fractionation during assimilation. Trophic increases in δ 13 C and δ 15 N are variable among consumers, especially primary consumers (Vander Zanden & Rasmussen 2001) . Trophic increases are more constant in carnivores, but omnivory may substantially increase variability in isotopic signatures (Ansell et al. 1999 , Riera et al. 1999 .
The isotopic signatures obtained for pagurids, shrimps (Caridea) and brachyurans show that these taxa, which are often presumed to be carnivorous (Mascaro & Seed 2000 , Oh et al. 2001 , can directly assimilate substantial quantities of microalgal or terrestrial POM-derived carbon, depending on depth and POM composition. Off the mouth of the Rhone River, phytobenthic production is low, and contributes little to the total primary production (Bodoy & Plante-Cuny 1980) . However, microphytobenthic production peaks at shallow depths (Bodoy & Plante-Cuny 1980) . Benthic diatoms, with high δ 13 C (> -18 ‰) (Riera et al. 1999 , Moens et al. 2002 , can thus be preferentially ingested by some benthic consumers at 0-20 m, and substantially contribute to their diet. This phenomenon, already suggested for Pagurus bernhardus and Crangon crangon (Ansell et al. 1999) , would explain the high δ 13 C and low δ 15 N obtained for pagurids and shrimps (Caridea) at 0-20 m.
Terrestrial POM availability and use
Amongst invertebrates, the carbon isotopic signature differs according to local POM composition (Hsieh et al. 2000 , Lee 2000 . Several molluscs from estuarine areas have been shown to react to changes in the suspended POM isotopic signature and directly exploit the terrestrial POM supplied by rivers (Incze et al. 1982 , Riera & Richard 1996 , 1997 , Hsieh et al. 2000 . Variations in POM origin are also reflected in the flesh composition of several estuarine crustaceans, which either directly or indirectly use terrestrial organic matter (Haines & Montague 1979 , Paterson & Whitfield 1997 , Lee 2000 , Riera et al. 2000 , Chong et al. 2001 . Our results show that the isotopic signatures of benthic organisms can vary according to depth and are directly linked to the relative importance of terrestrial material in the total POM pool. Off the mouth of the Rhone River, the highest uptake of terrestrial POM by the benthos was at 30-50 m depth, where most of the total available POM was of terrestrial origin. However, only a small portion of the benthic organisms studied efficiently exploited the terrestrial organic matter supplied by the river.
Marine primary consumers are generally considered as 'opportunistic omnivores', feeding on an undifferentiated mixture of microrganisms, detritus and small meiobenthic species (Haines & Montague 1979 , Kuipers et al. 1981 . However, the clearly marine δ 13 C values we observed for cumaceans, copepods and amphipods confirmed active food selection, which was previously suspected but unproven in these crustaceans (Buffan-Dubau et al. 1996 , Dittel et al. 2000 . The bivalve isotopic signatures reflected a major assimilation of marine POM irrespective of depth. This observation was consistent with the well-documented bivalve exploitation of marine microalgae in preference to other seston particles (Riera & Richard 1996 , Sauriau & Kang 2000 , Raikow & Hamilton 2001 . Bivalves did however, have lower δ 13 C at 30-50 m depth, demonstrating their ability to partially rely on terrestrial POM when it is dominant in their environment. Among polychaetes, primary consumers showed different δ 13 C variations according to depth, indicating varying reactions to terrestrial POM input. Depending on depth range and water composition, suspensionfeeders ranked either as primary consumers of the terrestrial POM-based food web, or as primary/secondary consumers of the phytoplankton-based food web. This observation is consistent with their usual diet of a variable mixture of phytoplankton, zooplankton and detritic matter (Fauchald & Jumars 1979) . Depositfeeders had lower and more stable δ 13 C values, confirming their ability to significantly exploit terrestrialderived material (Kichuki & Wada 1996) . However, the δ 13 C of surface deposit-feeders reflected the composition of freshly deposited POM (dominated either by marine or terrestrial POM according to depth), whereas the δ 13 C of subsurface deposit-feeders always remained close to that of the sediment. These results stress the importance of feeding behaviour with regard to polychaete sensitivity to terrestrial POM inputs.
Previous isotopic studies of terrestrial POM use by marine or estuarine benthos have rarely included top benthic predators such as fishes (Kwak & Zedler 1997 , Paterson & Whitfield 1997 . Few of these studies have suggested an important impact of terrestrial material (Lee 2000 , Sheaves & Molony 2000 . Our results demonstrate that terrestrial POM-derived material was incorporated in the flesh of all the flatfishes studied, but that transfer intensity was dependent on species and depth. Differences in diet usually explain most isotopic signature variation in fishes, either between species (Lee 2000, Sheaves & Molony 2000) or between habitats within species (Camusso et al. 1998 (Camusso et al. , 1999 . However, the feeding behaviour of their prey can also influence fish isotopic signatures. Flatfish δ 13 C in the current study decreased with increasing consumption of deposit-feeding polychaetes, but was minimal for all species only at 30-50 m, where terrestrial POM exploitation by all benthic prey peaked. Thus, the observed terrestrial POM transfers to the adults of Arnoglossus laterna, Buglossidium luteum and Solea solea were a result not only of fish food-preferences but also of the trophic adaptability of their benthic prey.
CONCLUSIONS
The impact of rivers on coastal ecosystems may be mediated not only as a consequence of their nutrient loads, but also through terrestrial POM inputs into the benthos. Our study demonstrates that terrestrial POM utilisation by marine benthic organisms depends largely on consumer feeding behaviour and POM availability. We found that, unlike estuarine systems, terrestrial influence in deltaic areas may be greatest at intermediate depths (30-50 m) and not nearshore. These findings extend the general knowledge of how terrestrial organic matter enters the marine environment to be actively taken up into marine benthic food webs, and further stress the significant role of river POM input to the production of commercially important fisheries such as the common sole. 
